1. INTRODUCTION {#sec1-1}
===============

Publish or perish. Most researchers are reminded of this hamletian dilemma every time a promotion at the department or a national project application is supposed to take place. Researchers are aware that without valuable scientific output the chances for tenure, promotion and "academic fame" are significantly reduced. Thus, the need to publish in journals that are scientifically visible is becoming a must for a scientist. Although, the practice of quantifying researcher's influence has a long tradition in developed countries, it is increasingly being used in countries on a scientific periphery such as Bosnia and Herzegovina (BIH). Scientific periphery is the term used by Marusic and Marusic ([@ref1]) for countries formed after the fall of communism but also many other countries that lag behind in research production. The task of quantifying and valuing research output has become a serious endeavor being imposed by funding agencies, promotion committees and employers ([@ref2]). Measuring and quantifying academic accomplishments has become a "fact of scientific life" ([@ref3]). Currently there is no universally accepted, international standard procedure for evaluating researchers based on their scientific output ([@ref4]).

However, there are some methods for measuring scientific impact such as the number of citations that a publication receives ([@ref5]). One of the most cited measures, although not without flaws, in measuring scientific output is h-index. Hirsch ([@ref6]) proposed a single number that will be useful in measuring scientific output of a researcher. H-index, as proposed by Hirsch, is the number of publications that have that many number of citations. So, we can see that this metrics is influenced by both, researcher's productivity and the impact that research had on his/her peers. The h-index has achieved significant acceptance as a measure of individual research achievement and it has several advantages as it combines scientific productivity with scientific echo and is not susceptible to extreme values ([@ref7]). It is important to note that h-index is not without its critics and numerous other indexes have been proposed instead such h (bar) index ([@ref8]). However, for the purposes of this study we will stick to the h-index. Studies have shown that researchers with higher h-index are generally more likely to obtain grants and fellowships ([@ref9]).

Scientific community in BIH has slowly begun to accept h index as an indicator of researcher's output. However, which h index will be used remains a dilemma. For example, for promotion purposes should the promotion committee look at h index from Google Scholar, Researchgate, Web of Science or Scopus?

Google Scholar and Researchgate are free-of-charge services that look at researchers output and can be used in analyzing citation index of an author. Google Scholar is probably the largest scientific database that combines content from several large databases unavailable to the public web, plus academic web documents from the Google search engine ([@ref10]). Google Scholar covers a large number of journals and other publications. Researchers have the option to create their Google Scholar Profile, which has all the papers that the researcher authored, which can be automatically retrieved by Google or can be manually added by the researcher. The papers can be manually added and show to the public research that is not covered by Google search engines. However, the citations cannot be manually added and they are retrieved by Google. So, the Google Scholar automatically counts all the citations it can find for the author and creates their h-index. However, although very useful, the accuracy of the Google Scholar services is often inconsistent ([@ref11]).

On the other hand, Researchgate (RG) is a social network for researchers in which they can list their publications and interact with their peers ([@ref12]). Benefits of RG is that it is quite easy to access and use and has the potential to become the library of the 21^st^ century ([@ref13]). RG creates a list of citation based on the papers that are uploaded on its site. Researchers registered on RG can also add their papers manually or RG can find papers belonging to them. Just like in Google Scholar, RG automatically finds citations for the papers that are uploaded on its platform. However, many papers citing someone's work have not been uploaded to the platform and thus the number of potential citation is probably reduced.

Let us now point to the potential academic misuses of the Google Scholar and Researchgate services. We already mentioned that one can manually add papers to Google Scholar Profile. Potential misuse of this option is when the authors add papers that are not theirs. For example, in the first 120 ranked researchers affiliated with the University of Sarajevo, profiles of 8 authors (7%) contain papers that they did not write or co-authored but are in their Scholar Profile. Very often these papers are highly cited and Google adds these citations to the author's Scholar Profile. It is not clear whether the authors do this inadvertently or deliberately but in such a way their h-index is artificially increased. This is one of the potential misuses of Google Scholar service.

The similar misuses can happen in RG as well. The paper can be added that does not belong to the author and the impact (or RG score) of the author will be increased. Or the author can decide to share his/her work on RG that has not been published before. It is perfectly legitimate to do this, but the author can use this option dishonestly and in that way increase their number of citations and h-index.

Let us now turn to the commercially available databases such as Web of Science and Scopus. Web of Science covers journals published from 1900 to present and Scopus covers journals covering the period from 1966 to present ([@ref11]). Although they are only commercially available, they do not suffer from some of the shortcomings mentioned earlier for RG and Google Scholar. Authors cannot add papers manually to WOS and Scopus nor can they manipulate the numbers of citations and h-index as they can in Scholar and RG. Therefore, WOS and Scopus are more accurate but there can be a long time lag between publication of the paper and its visibility on WOS and Scopus databases.

Discussion of which of the h-indexes can be used in evaluation of the researcher probably left us with more dilemmas than definitive answers but it also pointed to certain areas in which RG and Google Scholar can be improved. Is it better to use Google Scholar h-index or WOS h-index? The answer is: It depends. It would probably be the best to evaluate as many of these indices as possible, and if large discrepancies exist, that can be a reason for more in-depth analysis.

The second part of this paper deals with the "shape" of scientific output of the researchers from University of Sarajevo, BiH. University of Sarajevo is a state-funded University and is, by large margin, the best University in Bosnia and Herzegovina. According to Webometrics, University of Sarajevo is ranked on 1881^st^ place in the world rank, and second and third best Universities from BiH are ranked on 3655 and 3660 positions respectively ([@ref14]).

2. AIM {#sec1-2}
======

The specific aims in this study are:

To examine gender distribution of 100 researchers from University of Sarajevo;To investigate what are the scientific fields that the researchers are coming from;To determine what are the best predictors of h-index.

3. MATERIALS AND METHODS {#sec1-3}
========================

For the purposes of this analysis, we analyzed the scientific output of 100 researchers from University of Sarajevo ranked between 11^th^ and 110^th^ position on the Google Scholar. The researchers are ranked according to their number of citations. We did not present or analyzed the scientific output of the first 10 ranked researchers separately, as they present significant outliers. So, we picked researchers who had less than 1000 citations in their Google Scholar Profile on the date of 24.07.2017., and the first researcher who had less than 1000 citations was ranked 11^th^ on Google Scholar list.

4. RESULTS {#sec1-4}
==========

In relation to the gender, among the researchers from 11^th^ and 110^th^ position, there were 51 females (51%) and 49 males (49%). As a note let us mention that among the first 10 ranked researchers, according to Google Scholar Profiles for University of Sarajevo, there were 9 males and 1 female.

In relation to the total number of citations, there were no statistically significant differences between males and females. The numbers are presented in [Figure 1](#F1){ref-type="fig"}.

![Mean number of citations of males and females](AIM-25-187-g001){#F1}

The mean number of citations for females was 255.6 (SD=137.9) and for males it was 292.1 (SD=183.6). According to the t-test results, there were no statistically significant differences in the mean numbers of citations for males and females (t(1,99)=1.1; p=.27) in the sample.

Next, we wanted to examine from which scientific fields these researchers are coming from. These results are shown in [Table 1](#T1){ref-type="table"}.

###### 

Scientific field of the researchers from University of Sarajevo ranked between 11th and 110th place on Google Scholar
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As can be seen from the table, majority of researchers come from natural sciences, and only 12% come from social sciences. Most researchers are in the field of medicine, followed by merged category of electronics and IT.

The final goal of this paper was to examine what are the best predictors of h-index. As potential predictors, we put following variables in the model: gender, scientific field, h10 index, total number of citations, number of citations in 2016 and number of citations in 2017. The results are shown in [Table 2](#T2){ref-type="table"}.

###### 

Regression analysis predicting the h-index of the researcher
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As can be seen from the table, the significant predictors of h-index are h10-index and the scientific fields of biology and electronics (IT sector). To put the above results in the perspective, if the researchers are from the field of biology, they can expect to have h-index smaller than researchers from other field (all other parameters being equal). In the same line, researchers from the field of electronics (IT) have higher indexes than researchers in other fields (keeping all other parameters equal). For example, a male researcher in biology with an h10 index of 5 is predicted to have a mean h-index of 5.7, while a male researcher in electronics (IT) with an h10 index of 5 is, on average, is predicted to have a mean h-index of 7.2.

5. DISCUSSION {#sec1-5}
=============

We described several options for using h index, including two, free-of-charge, services and two commercially available databases. It is obvious that there is still room for improvement of these services, especially in Google Scholar and RG services. The major objection for these services is their inability to recognize and prevent potentially dishonest behavior of the researchers in terms of authorship of publications. We could see that at the University of Sarajevo, there were 7% of researchers among the first 120 ranked researchers who had (deliberately or inadvertently) publications at their Google Scholar Profile that do not belong to them in the sense of authorship. This is probably the case only among the top 200 ranked researchers, and not among the weaker positioned researchers. Therefore, due to its accuracy, Web of Science and Scopus should be the primary source of evaluating someone's scientific impact. Google Scholar should definitely complement other bases such as WOS and Scopus in evaluating researcher's performance. On the other hand, RG should be limited to serve as a social network between researchers but not as a means to evaluate somebody's scientific contribution. RG allows researchers to pose questions and attract many scientists who will help them in their scientific efforts and dilemmas. However, RG scores can be artificially inflated and thus should not be used in evaluating someone's scientific impact. Some current research has already pointed to the issue of ghost academic reputation in RG scores ([@ref15]).

Regarding the shape of science at the University of Sarajevo, it is a very positive trend that there is no gap in the scientific achievement in relation to the researcher's gender, at least for the researchers who are not in the top 10 list. In relation to the scientific field, we could see that majority of these 100 researchers are from the field of natural sciences, in particular from the field of medicine. As there were very few researchers from some scientific disciplines, they were all merged in a single category of Social sciences, including humanities as well. Generally, the case of uncited documents in more prevalent in certain disciplines more than in other. For example, engineering and social sciences disciplines tend to be under cited ([@ref16]).

The last research question in this study dealt with predictors of h-index. It is interesting that the total number of citations was not a significant predictor of h index. It was revealed that h10 index, that is number of publications that have more than 10 citations is almost perfectly correlated with h index and thus could even be used as a proxy for h index. Gender did not have a predictive role in determining the h-index but some scientific disciplines (biology and electronics IT) were significant contributors to h index. We should immediately note the limitation of the sample size for this regression analysis. Future studies with larger sample sizes should confirm or refute the results of this regression. Another limitation is that we did not analyze the role of other potentially important demographic predictors of h-index such as age, family status etc. Of course, due to the short nature of this paper we did not analyze other, potentially equally important, measures of scientific impact such as g-index, impact factors, eigenfactors etc.

University of Sarajevo, as the largest and best rated University in BiH has only 10 scientists who have more than 1000 citations. Situation at other BiH Universities is even bleaker. Universities of Banja Luka, Tuzla, Mostar and Zenica do not have registered researchers who have more than 1000 citations. As a comparison, we will take University of Split, which, on the same date (24.07.2017), had 21 researchers with more than 1000 citations. It is obvious that state authorities in BiH, together with academic community have to do much more for the growth of science, scientific impact and visibility of universities in Bosnia and Herzegovina. One of the ways that would certainly increase visibility is for individual researchers to use social media to the maximum extent possible ([@ref17]). Sustainable economic growth is heavily dependent on science and generation of knowledge ([@ref18]). Investing in research universities is considered an investment in the central institutions of 21^st^ century knowledge economies ([@ref19]). Thus, the authorities in BIH need to understand this and start to invest more financial resources in science and support to scientists in BiH. Only by investments in science can BiH catch up with its European neighbors.

6. CONCLUSION {#sec1-6}
=============

H-indexes retrieved from databases and services such as Researchgate, Google Scholar, Web of Science and Scopus can be used to assess researcher's scientific impact. Web of Science and Scopus, as commercially available databases, are more accurate than Google Scholar and Researchgate. However, Google Scholar and Researchgate can be used as a complement to provide a more detailed insight into researcher's scientific output. All academic staff at the state-funded universities should have Google Scholar Profile and Researchgate profile. This in turn will lead to better visibility of researchers from BIH and will have a positive impact on the ratings of Universities from BIH.
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